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2344606 

WELLBOKE CASING 
Crass Reference lb Related Applications 
This application claim* the benefit of the tiling date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
tiled on 12/7/1998, the disclosure of which ia incorporated herein by reference. 
Background of the Invention 
This invention relates general^ to weDbore casings, and in particular to 
weHbore that are formed using expandable tubing. 

Conven tion ally, when a weHbare is created, a number of casings axe 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fh^ 

formation into the borehole. The borehole is drilled in intervals whereby a casing 

which ifl to be installed in a lower borehote interval fa bwer^ 

installed casing of an upper borehole interval As a consequence of this procedure 

10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval Tims, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole wan to seal the casings to 
wall As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the weilbore. Such a large borehole 
diameter involves increased costs due to heavy casing H*mrilm g equipment, large 
drill bits and increased volumes of drilling fluid and drill cutting? Moreover, 
increased drilling rig time is i n volved doe to required cement pumping, cement 
hardening, required equipment changes dne to large variations in hole diameters 

20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weHbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
weilbore casing is provided that includes installing a tubular liner and a mandrel 



in the borehole, iiyecting fluidic material into the borehole, and radially expanding 
the liner in the borehole by extruding the liner off of the mandrel. 

Acco rding to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling oat a new section of the 
5 borehole adjacent to the already existing casing. A tubnilar liner and a rnandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an annular region between the tabular liner and the new section of the borehole. 
Th» ovular rpgjfm hgtwgen the tubular Kner and the new section of the borehole 
10 is then fluidicly isolated torn an interior region of the tubular liner below the 
mandre l A nan hardenable fluidic material is then injected into the interior 
region of the tabular hner below the mandrel The tubularlineris extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole . The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular hner. The r emaining portions 
of the fluidic hardenable fluidic aealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that inc lu d e s a support member! a 
mandrel, a tubular member, and a shoe. The support member includes a flrstfluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandrel The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel 

The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and mcludes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of th e tabular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the a« 
member, is provided t hat indudesposftioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member is pressor^ 

the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the annular member, and one or more pressure rehef passage 
at an end portion of the wnmjijn* membe r 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cured fhiidic 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is provided that includes a tubular liner and an 
annular body of cured fhrirtir sealmg material. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The annular body of a 
25 curedfluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
maridreUatubularmamberandaah^ The support member includes a firat fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operaWy coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drfllable 
The tabular member is coupled The shoe is coupled to the tabular 
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member. The shoe include* a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion- The interior portion of 
the shoe is drillabte. 
Brief Description of the Drawings 
5 FIG. lis a fragmentary aroas-se<±ional view 

section of a well borehole. 

FIG. 2 ba fragmentary cross-sectional view iHustratiiig the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 
10 HQ. 3 Ua fragmentary croas-eectio^ 

first T i^t fty Ktn^nAhlP fluids wealing material into the new section of the 
weU borehole. 

HQ 8a iff nii rt ^ ^tr 1 ^^ """^^ 
of a first quantity of a hardenable fhiidic sealing material in^ 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fhridic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 



FIG- 10a is a axw&-eectional illustration of a wellbore including a pair of 
adjnrmt overlapping casmgB. 

FIG. 10b is a croes-eectioDal illustration of an apparatus and method for 
creating a tie-back liner using an expandable tabular member. 
5 FIG. 10c is a cross sectional illustration of the pumping of a fhndic sealing 
material into the annular region between the tabular member and the existing 
casing 

FIG, lOd is a cross-sectional illustration of the pressurising of the interior 
of the tabular member below the mandreL 
10 FIG. lOeisa cross-sectional illustration of the extrusion of the tubular 
member off of the mandreL 

FIG. lOf is a cross-sectional fltn stratum of the tie-back liner before drilling 
out the shoe and packer , 

FIG. lOg is a cross-sectkmal illustration of the completed tie-back Uner 
15 created using an expandible tubular member. 

FIG. 11a is a fragmentary crose-eecti^ 
new section of a well borehole. 

FIG. lib is a fragmentary crown sectional view illustrating the placement of 
an embodiment ofan apparatus for ha 
20 of the well borehole. 

FIG. 11c is a fragmentary cnum sectional view Illustrating t hf injection of 
a first quantity of a hardenable fl^* ^f^ngmfttfrrnl into the new action of the 
well borehole. 

FIG. lid is a fragmen t ary croaa-eectkmal view illustrating the introduction 
25 ofa wiper dart into the new section of the well borehole. 

FIG, lie is a fragmentary rmm sectional view illustrating the injection of 
a second quantity ofa hardenable flntriir wealing material Into the new section of 
the well borehole. 

FIG. llffe a fragmentary crosa-aectiond 
90 of the tubular liner. 
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Detailed Description of the mnstrmtro Embodiments 

An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then eitniding the 
tabular member off of the mandrel by pressurising an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gaa passage. The apparatus and method further permits a new tubular 
10 member to be supported by an casting tubular member by expanding the new 
tubular member into engagement with the fr**q*™ff tubular member* The 
apparatus and method further minimlxea the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore earring 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided The apparatus and method permits a tie-back 
liner to be created by extruding a tubular meinber off of a man 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and m e t hod farther permits a new t u bular member 
to be supported by an tubular member by expanding the new tubul ar 

member into engagement with the rristing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional cirilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for fringing an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



Referring initially to Figs. 1-6, an embodiment of an apparatus and method 
for forming a wellbare caamg within a subterranean formation will now be 
described. As illustrated in Fig. 1, a wellbare 100 is positioned to a subterranean 
formation 105. The wellbore 100 factories an existing cased section 110 having a 
6 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the weDbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated m Fig. 2, an apparatus 200 for fonningawellbore casing in 
10 asubterraneenfonaatkmisthenp^ 

100. Tbe apparatus 200 preferably includes an expandable mandrel or pig 205, a 
tubular member 210, a shoe 216, a lower cup seal 220, an upper cup seal 225, a 
fhiid passage 230, afhjidpa8sage235,afbn^ 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 
mem ber 250. The expandable mandrel 205 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available —pumiAi^ mandrels modified in 
accordance with the t eaching s of the present disclosure. In a preferred 

20 wmhortrmpnt, the fnrmnrinhto mfmdrri 206 comprint n hyrtwmfr.« yTrnr ri,^ ^ BB 
disclosed in U.S. Patent No. 6,8*8,095, the contents of which are incorporated 
herein by reference, m o dified in accordance with the t^—*.™^ of the present 
disclosure. 

Thetubularmember210 is supported by tbe expandable marjdrel 205. The 
25 tubular member 210 is expanded in the radial dfrection and extruded off of the 
expandable mandrel 205. Tbe tubular member 210 inay be fabricated from any 
number of convmitional commercially available materials such as, for n*™^* 
Oilfield Country Tubular Goods (OCTG), 18 cbxomium steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tabular member 210 is 
80 febricated from OCTG in order to maximixe strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
apjm>xmate^0.75to47iiu^ai^ In a preferred 
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embodiment, the inner and outer diameters of the t^ularmember210ran^e from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 fa a preferred embodiment, the 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal n float shoe, Super Seal n Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
frying* of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, mo d ifie d in 

20 accordance with the t*mr*y\ng* of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes oiie or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material into the 
region outside the ahoe216 and tubular member 2 10. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a baUseaUng member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 280. 



The lower cap seal 220 is coupled to and supported by the support member 
260. The lower cup seal 220 presents foreign mat^^ 

region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a prefer red embodiment, the lower cup seal 220 comprises a SIP cup seal, av ailable 
from Halliburton Energy Services in Dallas, TX in order to opting 
material and contain a body of lubricant 

10 The upper cup seal 225 is coupled to ai^ 

250. The upper cup seal 225 prevents foreign materials fttm 
region of the tubular member 210. The upper cup seal 225 may compriseany 
number of conventional commercial^ available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 

16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Haffi 

block the entry of foreign ma t erials and contain a hftfo of lubricant 

The fluid passage 230 permitB flnidic materials to be transported to and 
from the interior region of the tnhnlar member 210 below the expandable mandrel 
20 205. The Quid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206, Th* fluid passage 2S0 preferably 
extends from a position accent to the surface to the bottom of the expandable 
mandrel205. The fluid passage 230 is preferably^ 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casing running mode 

operation, to transport matfrrinlfl such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimize drag on the tubular member being run and to m 
surge pressures exerted on the weUbore which couU cause a k»s of wellbore fluids 

30 and lead to hole collapse. 

The fluid passage 235 permits fhiidk ma 
passage 230. In this manner, during pla«ment of the a^ 200 within the 



new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
»Vio^^TnmiiniTirigoirp»pTo«itrpgnn the wellbore section 130 The fluid passage 
235 is coupled to and positionod within the support member 250. The fluid 
5 passage is further fluididy coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and dosing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to oontrallably minimize surge pressures. The 
fluid passage 235 is preferably positioned su 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaUonrtninnte and 0 to 
9,000 pel in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 806. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block ftirther passage of fluidic materials, In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluididy isolated from the region exterior to the tubular member 210. This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the center line of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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inchides an inlet geometry that can receive a dart and/or a ball sealing member 
In this manner, the fluid passage 240 can be sealed off by introducing a phig, dart 
and/or hall wrslfng dements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 246 are farther i»srttoi»ed man outer sarfece 286 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlar^ung joint between the end portion 270 of the ™»™ g 116 and the portion 
260 oftb«bibiu^meriiber210tobefluididyBe^ The seals 246 may comprise 
any number of conventional commerriwlly available seals such aa, for example, 
10 lead,raboer,Tefl(m,orep^ 

th« present disclosure. In a preferred «rnihndfrnppt, the seals 245 are molded from 
Stratalo<±epoxy available rra 

to optimally provide a load bearmgrnierfererice fit between the erod 260 of ^ 
tubular member 210 and the end 270 of th e existing casing 116. 

15 In a preferred emb odim ent , the seals 245 are selected to optnnaBy provide 

a sufficient frictional force to support the expanded tubular member 210 from the 
existing casing 115. In a preferred embodiment, the frictumal force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 The support manhw 250 i. er*^)** ***** ^.^am^ ^.i g/uc ^fr..^, 

meaber 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weDbore 100. In a preferred 
erribodiment,the!nippcrtm 

25 centralizara (not illustrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quant% of lubricant 276 is provided in the 
annular region above the expandable mandrel 206 within the interior of the 
tubular member 210. In this maimer F the extrusion crfthetubu^ 
of the expandable mancu^205 isfadhtotod. Thehibrlcant 275 may comprise any 

30 number of conventional roimneraally available rubricanta such as, for example, 
Lubrijriate, chlorine based fa 

(3100). In a preferred embodiment, the hibricant 275 comprises Climax 1500 
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Antisieze (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to feriliate the expansion 
prO'CCSff 1 ! 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior fr> assembly to fo» * *w*™ n E p*w*inM of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimised This 

valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the weflb^ 

circulated in order to ensure that no foreign materials are located within the 
weUbore 100 that might clog up the various flow passages and valves of the 
■pporqtnfl^andtOCTignra 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardenable 

fhiidk sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 
20 240. The material 305 then exits the apparatus 200 and fills the arrmilar region 
315 between the exterior of the tubular manlw 210 and the interior wall of the 
new section 130 of the weUbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 
26 pressures and flow rates ranging, for example, from about ^ 

1,500 gallonataiin, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and weUbore sixes, weUbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped. The opthimmflowrate and operating pr^^ 
30 using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, c ement or epoxy. In a preferred embodiment, the 
harritmnhta ffcndic sealing material 805 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TXin order to provide optimal support fo 
5 while alao mffrntmnirig cmtimum flow diaracterifitics ao as to ininimise difficulties 
during the displacement of cement in the ammlar region 315. The optimum blend 
of the blended cement ia preferably determined using conventional empirical 
methods. 

Ifce annular region 315 preferably is filled with the material 305 in 

210,theaimularregkm815ofthe 

with material 805. 

In a particularly preferred rnihodTTnffnt f aa illustrated in Kg. 3a, the wall 

t hickneas and/or the outer diameter ofthe tabular member 210 ia reduced m to 
15 region adjacent to the mandrel 205 m ordar optimally permit placement of the 

apparatus 200 mpositionain the wellborewithti^dearances. Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 210 

during the extrusion process is optimally facilitated 

Aa illustrated in Fig. 4, once the annular region 315 has been adequately 
20 fflled with material 306, a p^ 

fluid passage 240 thereby fimdicry isolating the interior region 310 from the 

annular region316. In a preferred embodiment, amir^liarf^blAfhiiHinTpotfflal 

306 is then romped mto the m^^ 

pressurise. In this manner, the interior of the expanded tubular member 210 wffl 
25 notcemtaiTi wgnifinrnt flmoantscrfcaredmaterialSQS. Th^r^u^^A «i™ r i*w 

the cost of the entire process. JUterMtrvery, the material 305 niay be uaed during 

this phase of the process. 

Once the interior region 310 becomes sufficiently pressurised, the tubular 

member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the exparidabtem 

the tubular member 210. In a preferred embodiment, during the extrusion 

process, the mandrel 205 is raised at approximate^ the same ra^ 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new weilbore section 130. In an alternative preferred embodiment! 
the grtni gig" process is mi™™*"**** with the tabular member 210 positioned above 
the bottom of the new weilbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 2 10 to extrude off of the mandrel 205 and fall 
down the new weilbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The phig 405 preferably acts to fhndicly isolate the hardenable fluidic 
10 sealing material 805 ftum the non hardenahle fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices fiomphiggingafhud passage such as, for example,Multiple Stage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teadrfngBOfthe present disclosure- In 
15 a preferred embodimmt, the plug 405 

from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240 , a non hardenable 
fluidic materi al 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, from approximately 400 to 10, 000 pai and 30 
20 to 4,000 gallons/mm. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 ia minimized. Ina 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
tb f D ha rdenable trmtenul 306 la preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to ^OOO psi and 40 to 
25 3.000 galhmaftnin hi to mft«i™«" tha extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of tabrkant, and the yield strength 
of the tubular member 210. In general, the thicker the wall thickness, the smaller 



-14- 



tba toner diameter, and the greater the vm^ 

then the greater the operating pressures required to extzude the tubular member 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of the expandable mandrmwfflbegfawh^ 
310 readies, far example, approximate*/ 600 to 9j00OpsL 

During the extrusion process, the expandable mandrel 206 iiiay be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec. InapreferrBd embodiment, durizigtheex^ 
10 process, the expandable mandrel 205 Is raised out of the expanded portion of the 
tubular member 210 at rates rangm«fromabout0to2ft/SMmozdertoinnim^ 
the time required for the expansion proem wmu also permittmg easy control of 
the expansion process. 

Whan the end portion 260 of the tubular member 210 is extruded off of the 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
I>ortiOT2TOoftheca3lngll5toformanAuM The contact 

pressure of the overlapping joint may range, far example, from approximately 50 
to 20,000 psi. In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from approximately 400 to 10,(K)0 i>d m order to provide optmium 
pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 



The overlapping joint between the section 410 of the existing casing 1 15 and 
the section 266 of the expanded tubular member 210 preferably provides a gaseous 
26 and fhiidic seal In a particularly Preferred embodiment, flu ^ifr^—K^ ojg 
optimally provide a fhiidic and gaseous seal to the overlapping joint 

Inapreferred embodiment, the opersitogpressure and flow rate of the non 
haroenabmfhnmc material 306 is controlled 

mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by tim eoini>leto extnaion of the 
tubulmineiittw210offoftb«expajuiab^ in a 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to sbout 10% during 

when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the suAJeii release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or fa combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tabular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removed from the wellbore 100. Ina p r efer re d embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 2 10 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fhiidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 2 10 and the lower portion 270 of the casing 1 15 is satisfactory, 
then any uncured portion of the materW 
20 210bthenremo^faaconwnttonalmanii«rsnch as, for example, circulating the 
uncured material out of the interior of the expanded tabular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit ox mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to core. 

As illustrated in Fig, 6, preferabry any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 615 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 216 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In. a preferred embodiment, as illustrated in Fig. 6, tha upper portion 260 
of the tubular member 210 includes one or mote sealing members 605 and one or 
more pressure relief holes 610. In tha manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
6 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalised during the extrusion process. 

In a preferred embodiment, the sealing members 60S are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 membere«)5 are bondedor molded onto tte 

260 of the tubular member 210. The pressure relief hoJes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operatmgpressures required to expand me upper portion 260 of 
the tabular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity in turn mmhniiea the mechanical shock to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a wellbore preferably includes an 
20 expandable inandrel or pig 705, m 

tabular member 715, a float shoe 720, a lower cup asal 725, an upper cup seal 730, 
afluid passage 735,afluid passage 740,as^ 

750, an overshot connection 755, another support member 760, and a stabilizer 

765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllabh/ expand in a radial direction. The — j—*^ mandrel 705 may 
comprise any number of conventional commercially available expandable mandrek 

30 modified toaccordmMwith the tea^ In a preferred 

embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially aa disclosed In US. Pat No. 6,348,095, the contents of which are 
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incorporated herein by reference, modified In accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 ia further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tabular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weHbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandab le 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to figs. 1-6* The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p r efer r e d embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lovrer section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending 

member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defined by the region beginning in the vicing 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning In the vicinity of the mandrel 706 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment the want 
the tubular member 715 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
faciliatothft initiation of tte 
10 700 to be positioned in locations in the weDbore having tight clearances. 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 715 may range, for example, from about LOS to 48 inches and 178 
to 2 inches, respectively, in » p rft fa rr^i embodiment, the *vfrr diameter and wall 
tWcknessof the upper section 805 of the tubular member 715 range from about 3.5 
15 to 16 inches and 8/8 to L6 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2£ to 50 inches and 1/16 
to 1.5 inches , respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/8 to U26 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, far example, from about 2.5 to 60 inches and 1/16 
to 1.26 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the lower section 816 of the tubu^ 
member 715 is further increased to increase the strength of the shoe 720 when 
drfllahle materials for example , v ari L 

The tubular member 715 preferably comprises a solid tubular member. In 
30 a preferred embodiment, the end portion 820 of the tabular member 715 ia slotted, 
perforated, or otherwise modified to catch or slow down the m**™** *! 7Qg mhsn it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member 7 16 is limited to minimize the possibility ofbuckling. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 

5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 ftirther includes an inlet passage 830, and one or more 
jet ports 835. In a particularly prefer re d embodiment, the cross-sectional shape 
of the inlet passage 880 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of toll d material 840 for increasing the strength of the 
shoe 720. In a particularly preferred embodiment, the body of solid material 840 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down>jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the teal between the 
tubular member 715 and an e^ 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SEP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents fo 

region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup aeals such as, far example, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the present ctisc to sura. Tn ft preferred ™>"*^-nt thtt upper cap ocal 
730 comprises a SIP cup availahkfttmiH^ 
in order to optimally provide a debris barrier and contain a b^ 

The fluid passage 735 permits fhiidic materials to be transported to and 
10 fremi the interior region of the turn 

705. Tie fhiid passage 735 is flnidic^ The fluid 

passage 735 is preferabfr coupled to 

760, the support member 746, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferahry extends from a position adjacent 
15 to the surface to the bottom of the expsnriflhle mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures raiiging from about 40 to 3,000 gallons/minute 
and 500 to 9,000 psim order to provide suffirim 
20 the tubular member 715 off of the expandable mandrel 705 

Aa described above with r efe rence to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a weilbore, fluidic mn^ph forced up the 
fluid passage 735 can be released into the wellbore above the tubular mem 
In a preferred embodiment, the apparatus 700 further mchides a p 
25 passage that is coupled to and positioned within the support member 260. The 
pressure release passage is The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated in order to controllahfy minimise surge pressures. The 
30 pressure release passage is prefer^ 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey m a t e ri als such as cement, drilling mud or 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a weUbore and to minimize surge pressures on the new weflbare section. 

The fluid passage 740 permits fluidie materials to be transported to and 

5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidie communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, tote 

10 to thereby Mock farther passage of flnidk materials In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidkfcr isolated from the region exterior to the tubular member 7 15. 
Th* E ppwnttn the interior region of the tubular member 715 below the erpanrtnhl r 
mandrel 205 to be pressurized. 

15 Hie fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or eposes at flow rates and 
pressures ranging from about 0 to 3,000 gallona/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a weUbore with flnidk materials. In a pi e fei ied embodiment, the fluid 
passage 740 incl u d es an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In B prrfH * ^^w^m^t iha wppurafam 70Q farther includes one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are farther positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity seated. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment, the seals 846 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load tearing 
interference fit in the overlapping joint between the tubular member 716 and an 
6 existing casing with optimal load bearing capacity to support the tiwn^ 
715. 

In a preferred embodiment, the seals MS are selected to provide & mffi^Vnt 
friction*! force to support the expanded tabular member 715 from the existing 
easing. In a preferred embodiment, the frictional force provided by the seals 845 

10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tubular member 715. 

The support member 746 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700mtoanevraectfonofaweubTO 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
emb odi ment , the support member 745 comprises conventional drill pipe available 

20 from various steel mills in the United States. 

In a pref e rred embodiment, a body of lubricant 750 is provided in the 
annular region above the expan dable mandrel container 7 10 within the interior of 
the tubular member 715. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The tabrieant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based hibrkanta, or Climax 
1500 Antisiese (8100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antaaiexe (3100) available from Halliburton Energy Services in 
Houston, TX in order to optimal^ provide lubrication to faciliate the extrusion 

30 process. 

The overshot connectkm 765 is 
support member 760. The overshot connection 7 



member 745 to be removably coupled to the support member 760. The overshot 
connection 756 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support member 760 is preferabry coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 780 
10 preferably comprises an ™™\*t member having mifficient strength to carry the 
apparatus 700 into a new section of a weDbore, The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steddr^ 

modified m accordance with the te^ In a preferred 

15 einbodiment, the support ineniber 760 comprises a conventional 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimalry minimize 
buckling of the tubular member 715. The stabilizer 765 m^ comprise any mm 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragblocks modified in accordance with the teachings 
25 of the present disdosuro. In a preferred rmhodiTnffnt, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the mtrc<raction of foreign material into the apparatus 700 
is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a weUbore, a couple of weDbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that m 
foreign materials are located within the wellbore that might dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the ejpaxudon mandrel 705 during the expa^ 

In a preferred embodiment, the apparatus 700 is operated substantial^ as 
described above with reference to Rgs, 1-7 to form anew sectbn of casing wi^ 
a wellbore 
10 As illustrated in Fig.8,^ 
and apparatus described he 

by forming a tubular Uner 810^ Ina 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative pr efer r ed embodiment, any number offluidfc 

16 materials can be used to expand to 

the damaged section of the weEbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud* In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a flmdic seal In an alternative preferred embodiment, the 

20 tubular liner 810 is formed within a horistmtsJlypesitkmed pp«K™ mn»h 
as those used to transport hydrocarbons or water, wto 

in an overlapping rel ationnhip with the adjacent pipeline section. In this manner, 
underground pipelines cm 
damaged sections. 

25 In another alternativB preferred embodiment, the method and apparatus 

described herein is used to Itta 

the tubular liner 810 and the widlbcm In the alternatrve preferred embodiment, 
any number offluidic materials can be used to e3q»nd the tubular liner 810 into 
30 intimate contact with the wellbore such as, for example 
or drilling mod. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weubore casing includes an expendible tubular 
member 902, a support member 904, anexpand^temandx^orpig906,andaBhoe 
908. ip a prefer re d embodiment, the design and conatrnction of the mandrel 906 
5 and shoe 908 pennits easy removal of t^ In this 

manner, the assembly 900 can be easily removed from a weubore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular member 

908 by pressurising tn interior region 966 of the tutato The 
tubular member 902 preferably hss b substantially annular cross-eection. 

In aparticulariy preferred embodiment, an expandabletnbular member 915 
is coupled to the upper portion 910 of the expandabk tubular inember 902. During 
15 operation of the apparatus 900 , the tubular member 9 16 is preferab ly extruded off 
rrttho, TnonHrpl onfl hv pt^nirmnf the interior region 966 of the tubular member 
902. The tubular member 915 preferahly has a substantially annular croes-Bection. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 
20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials audi as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 
25 In a particularly preferred embodimen 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximate the s^ Thetubular 
member 915 may comprise a plural 

In a preferred embodiment, the upper end portion of the tubular member 
30 9l5inclndesoneormoresealingmembersforop 

gum** ™ gflfil with an existing section ofweHbore caang> 



In a preferred embodiment, the combined length of the tubular members 
902 and91fi ere limited tn minimize thfipngggM ty ^^frting Far typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The tower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded rnnmctian 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed to intimate sliding contact with the 
mandrel 906* 

The tubular member 902 may be fabricated from any number of 

10 conventional commercially available such as, for example, oilfield 

tubulars, tow alloy steels, titanium or stainless steals. Inaprtferredembodinient, 
the tubular member 902 is fabricated from cflfield tabulm in orri^r tn nptimnliy 
provide approximate^ the same mecha^ 
In a particularly preferred emb<^ 

15 point ranging from about 40,000 to 136,000 psi in order to optimally provide 
approximately the same yield pr o p er ties as the tubular member 915. 

TbB wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1A6 to 1*5 
inches In a preferred embodiment, the ™" tfiSnimggp <rffy%* upper, fattiri"- l 8 fitf . 

20 and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
lyBtol^mordertooptiniii%prov^Piw^Tl t^ffrr^^ jHflt tm» about the game ns 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
tower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 

26 downhole. 

The outer diameter of theupper, intennadiate, and kmer portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred emb odimea t, the outer of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 Mi to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 

5 rOTrm mi pAy <reftflfthk» tubular membera modified in accordance with the t eaching * 
of the present disclosure. In a preferred embodiment, the tabular member 902 
eompri sea Qflfietd Country Tabular Goods available from various U A steel mflla 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 present disclosure. Inapreftoed embodiment 

Oilfield Country Tubular Goods available from various UA steel nulla. 

The various elements of the tubular me^ 
number of conventional process such as, for example, threaded c onnecti ons, 
we ld i ng or machined from one piece. In a preferred embodiment , the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are co 
end. The various elements of the tubular member 9 15 may be coupled using any 
nu mber of conventional process such as, for example, threaded c on ne ct io n s, 
welding or niachined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
meinber 915 may comprise 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an iiinerstring adapter 916, 
a fluid passage 918, an upper guide 920, and sampling 922. During operation of 
the apparatus 900, the support 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The inneratring adaptor 916 preferably is coupled to and supported by a 
conventional drill strmg support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid pafimge 918 iaprefcrabfr used to convey fluids and other materials 

to and from the apparatus 900* In a preferred embodiment, the fluid passage MB 

is fhiididy coupled to the Inapi^eii^emhodiinent, the fluid 

10 passa^91BisuaedtocopveyharfffM 

apparatus 900. Inapartfailarfr prefer re d emb o dhnent , thefluM passage 918 pay 

include one or more pressure relief passages (not illustrated) to release fluid 

pressure Airingpositi^^ In a preferred 

embodiment, the fluid pas^ 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 

to permit the conveyance of hardenable floidic materials at operating pressures 

ranging from about 0 to 9,000 pal 

The upper guide 920 is coupled to an upper portion of the support member 

904. The upper guide 920 preferabry is adapted to center the support member 904 
20 within the tubular member 915. Hie upper guide 920 may am^n» any number 

of conventional guide members morfifari in ecenrtjanea with tK#> t^r-w^^n tfr» 

present disclosure. In a preferred enibodiinent, the 

inner8tringadapteraOTaablen^m 

to optinia% guide the apparatus 9M 
25 ^couplmg922eouplesthesupport The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support niember 904 may be coupled usmg any 

number of conventional processes such as, for example, welding, threaded 

connections or inachinedfhwn one piece. In a preferred enibodiment, the various 
30 eleinents of the support member 904 are coupled iising threaded connections. 
The mandrel 906 preferabry fedudes a retainer 924, a 

«paa^eone928,aloro 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948 , a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, hibricator ileeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
hibricator sleeve 948. Tbt retainer 924 preferably has a substantially annular 
crass-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin, 

10 The rubbered 926 fa coupled 

946, and the hibricator sleeve 948. The rubber cup 926 prevents the entry of 
form gn tp«»^«i» fri*^ intvrinr t^gion 972 of the tubular member 902 below the 
rubber cop 926. The rubber cup 928 may comprise any iramber of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplflte, rhhmnebftff^ hihricants, haned hibricantaorOlmax 1600 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeke 

25 (3100) available from Climax Lubricants and Equipment Go. in Houston, TK in 
order to optimally provide hibrication to fadliate the extrusion process. 

The expansion co n* 928 is coupled to the lower cone retainer 930, the body 
of ceinent 932 t ttolower gui* 

the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lovrerane retainer 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944* 

The expanmrm cone 928 preferably h** * ftnhcfrjmtinlly Rnnular croon flection, 
5 The outside diameter of the expa^ 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 8 inches. In a preferred embodiment, the wall 
t hiclmes softheexpanatonc 

to optima^ provide adequate con^ Th e 
10 maximum and mininmm outride diameters «f *h« ggpwirfm^ cone po* ™« y range, 
for example, from about 1 to 47 inches. In « pmfarr«i ^mtwift^t »V mo^™^ 
andminiinnmoataidediametm 

to 19 in order to optima^ provide expanipon of generally available oilfield tubulars 
The ffxpan mo n cone 928 may be fabricated from any number of conventional 
16 commerdally available materia 

or low alloy steeL In a preferred emhodimprnt the cgpapakm cone 928 fa fabricated 
from tool steel in order to optimally provide high strength and abrajann rwri fftwnre 
The surface hairiness of the <mte 

example, from about 6X) Rockwell C to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 BockweU C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred emhodimo^^ the ^pm^*«n mm 9?8 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness, 
26 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has » rnihgt»i»»i>ny annular mum ncction. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion r es i s ta nce and 
fracture toughness. 

In a preferred embodiment, the lower <ame retainer 930 and the expansion 
10 cone 928 srefc*med as an integral on^ 

tf components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferabry mates witt the inner auTfccw of 
the tubular me mbers 902 and 915. 

The body of cement 932 is positioned within the interior afthe mandrel 906. 
15 The body of cement 932 provides an mner bearing structure for tte 

The body of cement 932 further may be easiry drilled out uaing a conventional drill 
device. In this manner , the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, aluminum , cast iron or 
some other driMfliWf metallic, w^pn^tP, «» aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantiaHy annular croaa- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
26 Duringoperation of the apparatus 900, the lower guide 934 pref^^ 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially •Ti-miUr cross-section. 

The lower guide 934 may be fabricated from airy number of conventional 
commerciaUy ih^* 1 ?*^ mp+ such for ggampla, oilfield tubulars, low aDgy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from tow alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably motes with the inner surface 
of the tubular member 902 to provide a eliding fit 

The extrnfliopalreYe 938 is coupled to t^ 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 93fi preferably h*« * «nWnwtinlr/ annular cross section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for «*yn pl fi oilfield 
tubularap low alloy steel or stainless steel In a preferred -mtw^wnt. the 
10 extension sleeve 936fa 



with the inner surface of the tubular member 902 to provide a sliding fit. Ina 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferabry includes the ftaid passage 962 and is adapted to mate with 
tube 960 of the shoe 908. Inthisinanner.aphj^ordaTt 

surface through the fluid passages 918 and 9S2 into the fluid passage 962. 

20 Preferably, the spacer 938 has a substantially annular cross^ection. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred enibcxhment, the spacer 938 is fabricated from aiuminum in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 

26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sentrngsleeve 942 are formed as an integral em^im oim^t ^ 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is ccupled to 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 

30 operation of the appar^ 

motion of the expansion cone 928. Preferably, the housing 940 haa a substantially 
annular cross-flection. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel In a preferred embodiment 

from low alloy steel in order to optimally provide high yield strength. In a 
5 preferr^ f»miwiim»Tit *h* W«r guide 934, ffrtnnmon sleeve 936 and housing 940 

are fan ne d as an integral one-piece element in order to minrmitp the number of 

components and increase the strength of the apparatus. 

In a particularly prnftrrr^ wn^hnrn t, the interior surface of the housing 

940 includes one or more protrusions to faciliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 

cement 932 , the spacer 938 , and the upper cone retainer 944. During operation of 

the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 

906. The sealing sleeve 942 is preferably coupled to 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 

Th a sealin g sleeve 942 may he fabricated from any number of conventional 
commercially available materials such as, for example, steel, ahnninnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillabllity of the sealing sleeve 942. 

In a particularly p re f erred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to farfliat* the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimise the 
number of components. 

Hie upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial moti^ 
30 cone 928. Preferably, the upper cone retainer 944 has a s u b st antial ly annular 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials audi as, for example, steel, 
alnminum or cast innL In a preferred emhoriimftnt, the upper cone retainer 944 
is fabricated from aluminum 
5 cone retainer 944. 

In a particularly preferr^ retainer 944 has a 

cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimise the 
10 amount of material that wouM 

The fabricator mandrel 946 is coupled to the retainer 924, 
926, the upper cone retainer 944, the lubricator sleeve 948 v and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of hibricant in the annular region 972 for lubricating the 
15 interface between tte Preferably, the 

fabricator mandrel 946 has a substantially — "irtrr trmHiedion. 

The fabricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials guch as, for example, steel, 
aluminum or cast iron, In a preferred amhndwmmt, the fabricator mandrel 946 is 
20 fabri cat e d from aluminum in order to optimally provide drfllabflity of the 
fabricator mandrel 946. 

The fabricator sleeve 948 is coupled to the fabricator mandrel 946, the 
retainer 924, the rubber cup 928, the upper cone retainer 944^ 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
26 sleeve 948 preferably supports the rubber cup 928. Preferably, the lubricator 
sleeve 948 has a substantially imimlnr rroin anrtirm 

The fabricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred rnnhodhncnt, the fabricator rieev* 948 is 
30 fabricated from aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in tarn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular me mber 902. 

The guide 950 is coupled to the lubricator mandrel 946 t the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 
commercially available mftfrwfoi* audi as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillamlity of the guide 950 . 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fraidic 
materials In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rateranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in order 
to optimally provide pressures and f^ 
the installation of the apparatus 900. 

The various elements of the mandrel 906 maybe courted using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954 , a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing954 is coupled to the bo<ry of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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•hoe 908 to facilitate the eactnision and p osit i onin g of the tabular member 902, 
Preferably, the housing 954 has a snhstsntinHy annular cross-flection 

The housing 954 may be fabricated from any number of conventional 
commerci ally available materials audi as, far example, steel or aluminum. In a 
5 preferred emhoriimpnt, the housing 954 is fabricated from aluminum in order to 
optimally provide driOability of the housing 954. 

In a particular^ preferred embodimfinL the Interior surface of the housing 
954 fa c la d e aonearm oroprotiti 8kmsto 
of cement 956 and the housing 954. 
10 The bo4y of cement flfifl is coupled fa* the hntmfagflfi^ tnd the it a ling n\rrm 
956. In a preferred -frnihodiment, the campoeition of the body of cement 956 is 
selected to permit the body of cement to be eaflflydrflled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
16 conventional cement compositions la an alternative embodiment, a (billable 
material such as, far ersmple, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing aleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 
20 of the apparatus 900, the sealing sleeve 968 preferably is adapted to convey a 
hardenable fhiidic material from the fluid passage 952 into the fluid passage 962 
and than into the outlet jets 964 in oidar to 

into an annular region external to the tabular member 902. In a p referred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further 
25 indudea an hilet geometry that pennto 

lodged in the inlet ofthe sealing sleeve 958. In this manner, the fluid passage 962 
may be blocked thereby fhiidkfriaolatmgthe 
member 902. 

In a preferred embodiment, the *^iwtg sleeve 958 has a substantially 
80 annular cross-section. The sealin g al ee ve 958 miy be fabricated from any nnmber 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing aleeve 958 is 
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" fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The fnt*"«i*n tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable Acidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fmidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing aleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicfr isolating the interior region 966 of the tubular member 902. In 
a prafrrrH tmbf^™*™*, rmAfrnHnfthe extension tube 960 mates with one end of 
the spacer 938 m order to optim^ 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated fromaiiyinjmber 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the e xten si on 
tube 960, and oneor more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials . In a 
25 preferred embodiment, the fluid passage is positmnfid abrot the centering 
the apparatus 900. In a particularly preferred emhoriimmt, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9 ,000 pai and 0 to 3,000 gaUona/mm in order to optimally 
provide fluids at operationally efficient rates. 
30 Theoutletjet8 964 are coupled to the sealmg sleeve 9M, the exte^ 

960, and the fluid passage 962. During operation of the apparatus 900 , the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a ptaral^ 

In a preferred embodiment, the outletjets 964 comprise passages©^ 
the housing 954 and the body of cement 966 m order to aimplify 
5 of the apparatus 900. 

Tfre various elements of the shoe 908 may becxniplediigingairyn TiTn^ r P f 
conventional process such as, for example, threaded connections,, cement or 
machined from one piece of material In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodnnmfc 
described libra with 

wellboreor to repair a wellbore casing ox pipeline. 

In particular, in order to extend a wellbore into a subterranean fonna 
a drill string is used in a well known maimer to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then p osition ed in the new section of the wellbore. In a particularly 
preferred embodiment Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidi c sealing 
20 material is then pumped from a surface location into the flnid passage 918. The 
har denahle fluidic aealing mater ial then passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 apparatus 900 via the outlet jets 964 and fflli an annular region between the 
exterior ofthe tubular member 9OT 

wellbore. Continned ounmingof tb<i himtoiflW^ fhrlrltr iNiHTi gnin tfTiri cmioog the 
material to fill up at least a portion of theannniarregbn. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures arid flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 gallorisfrim, respective^ Inapreferred embodiment, the 
hardenable fl uidi c seafingmaterial is pumped into the annular region at pressures 
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and flow rates that are designed far the specific wellbore section In order to 
optimize the dis p lacement of the hardenable fluidic sealing material while not 
creating high enough era 

that could cause the wellbare to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable flmioJc sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TCm order to 

member whQe also -wmfa+nfafag optimal flow characteristics so as to minimize 
o per ational difficulties during the displacement of the cement in the annular 
region. The o ptimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section ofthe wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with hftrdftrmhle fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced in to the fluid passage 962 thereby fluididy isolating 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introohicing the plug or dart 974, or other 
similar device into the non hardenable fluidic material In this manner, the 
nTpm^f nf witpH Tw<iti»rifl1 withfn thft fntprinr of the tuhnlsr members 902 and 915 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off ofthe mandrel 906. The mandrel 906 may 
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be fixed or it may be nxpandihle. During the extrusion process, the mandrel 906 
is raised out of the expanded portion* of the tubule 

the support member 904. During this extnision process, the shoe 908 is preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 bito the fond passage 918 at a surf 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cemanter (MS© latent Omega latch-down 

10 plug or three-wiper lai^ down phig modified in accordance with th* frjiMifapi nf 
the present discbsure. In a p^rf mmhnAhnm^ the pfag** P74 comprises 
a MSG latch-down phnr available fro^ 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging ftom approximately 600 to 9,000 psi and 40 to 
3,000 gaJlons/min in order to optimal^ extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the fnpmvfahte mandrel will begin when the pressure 
20 of the interior region 966 reaches approximate^ In a preferred 

embodiment, the eztru rim of the tubular members 902 and 9 IS off of the m andrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 galloiia/mimite. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, frotnaboutO to 5 ft/sec. In a preferred embodiment, dHiringth^ 
process, the mandrel 906 is raised outof the expanded portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec hi order to 
optimally provide pulling speed mat enough to permit efficient operation and 
SO permit full expansion of the tubular members 902 and 915 prior to 

h a rde n ahle fluidic sealing material; but not so feat that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the cuter 

915 will preferably contact the interior surface of the lower end portion of the 
existiiigcasingtofbrm The contact pressure of the 

5 overlapping jomt may m 
a preferred «n^"^^ ntaemt*t±jir*xuniT* of th» orcriappingjoint between th» 
upper end of the tubular member 915 and the existing section erf wellbore casing 
ranges from n pjmi hnrt**J 4^ *** 10,000 p«i in order to optimally prmHHft mntAft 

pressure to activate the sealing members aiid provide optimal resistances^ 
10 the tubTilar member 915 ar^ 
compressive loads* 

In a pr e fer red embodiment, the operatmgpressureandfkwratoofthenon 
hardenable fhudic Tnirtorfal will be controllabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sadden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning whan 
the mandrel 906 has completed approxiinatery all but about the last 5 feet of the 

20 extrusion process. 

In an nftpmtil Wypr» fi * r »~* embodiment, &«* f**r*tiKg ftf**nrrm and/orflow 
rate of the hardenable fhiidic sealing material and/or the non hardenable fhudic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise gfrnrfr 

25 Ahernatrvefr,orincmnbi^ 

member 904 in order to absorb the shock caused by the sudden release of n^ 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least d e c ele rate themandiel 
906. 

30 Once the extrusion process ia completed, the mandrel 906 is removed from 

thewellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 tad the lower portion of the existing 
casing is tested uamg conventional methods If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 916 and the lower portion 
of the existing casing is satisfactory, then • the mi cared portion of any of the 
5 hardenable fluidic sealing material within the expanded tubular member 915 is 
thai removed in a conventional manner. The hardenable fluidic sealing material 
within the annular region between the expanded tubular member 916 and the 
existing casing and new section of wellboreU then allowed to cure. 

Preferably any remaining cured hardpnahle fluidic sealing material within 
10 the interior the expand 

conven tional m n rme rusmga ooirventional drill string. The resulting new section 
ofcastagpreferabr* 

outer annular ]ayer of cured hardenable fluidic sealing material. Tie bottom 

portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 

necessary to remove the entire apparatus 900 from the interior ofthewellbore due 

to a malfunction. In this rirnimftance, attmvtmtional drill string is used to drill 

out the interior sections of tto 
20 the remaining sections. In a preferred embodiment, the interior elements of the 

apparatus 900 are fabricated from materials such as, for example, cement and 

alumhrorn, that pennit a convent 

interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 aectioiiaofthemimdrol906andto 

cenu^932,thefpacfir938 f the« 

the hibricator mandrel 946, the hmricatorsleero 

954, the body of cement 956, the sealing ileeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Figs, 10a, 10b, 10c, lOd, 10e, 10t and lOga method and 
apparatus for creating a tie-back liner in a weUboxe wQl now be described. As 
illustrated in Fig. 10a, a weDbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
6 The first casing 1004 preferably inchides a tabular liner 1CKW and a conent 
annuhxs 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
ifl fmrmH *ry «~p«™<ii» g * tubular wwmflmr substantially aa described above with 
reference to Kg*. l-9c or below with reference to Figa. lla-llfl 
10 In a par t fc^Tfr prefq trnhndiramt, an upper portion of the tabular 
liner 1012 overlaps with a lower portion of t^ In a particularly 

preferred embodiment, an outer surface of the upper portto 
1012 includes one or more sealing members 1016 for providing a fluidk seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig, 10b, m onler to cn*te a tde-ba^ 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1 105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 
20 support member 1160. 

Tb* expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expendable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional ^wmioiwony available prpandahle mandrels 
25 modified in Bm>rdnnrp wit>* »V t^hi^g* nf th# pwamt disclosure. In a pief erred 
enibodiment, the expandable mandrel 1105 compriaes a hyn^muic expansion tool 
substantially as disclosed in US. Pat. No. 5,348 ,095 , the disclosure of which is 
incorporated herein by nrf^ 
present disclosure. 

30 The tubular member 1 110 is coupled to and supported by the expandab le 
mandrel 1106. The tabular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, 13 chrmnfrirn tubing or plastic piping. In ft preferred embodiment , 
the tabular member 11 10 is fabricated from Oilfield Country Tabular Goods, 
The inner and outer diameters of the tubular member 1110 may range, for 
5 ex ample , from approximately 0.75 to 47 inches and 1,06 to 48 inches, respectively. 
In a preferred embodiment 

1110 range from about 3 to 15.5 inches «nd3^to 16ind^resrxx^lymonier 
to optimally provide coverage for frprnal crilfirid raring sires The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimise the possibility of budding. For typical tabular member 1110 materials, 

15 the length of the tubular member 1110 is pre&rsb^Imuted to between about 40 
to 20,000 feet in length. 

The shoe 1115 it coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe lllfiincludes the flnid passage 11S6. The shoe 1115 may 
comprise say number of conventional commercially available shoes such as, for 

20 example, Super Seain float shoe, 

with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe withaeealingsleeveforalatch^iown 
phig with side porta radiating off of the exit flow pert available from H 

25 Energy Services in Dallas, modified fa accordance wto 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optimally fhiididy 
isolate the interior of the tubular member 1100 after the latch dewn plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 

30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1140 in fhiidk communication with the fluid passage 1135. In this manner, 
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the shoe 1115 iqjects hardenable fluidic sealing material into the region outside the 
shoe 1116 and tabular member 1110. In a preferred embodiment; the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed offby introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 a4jacentto the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
such aa, for erirmple, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TK in order to optimally provide a barrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1120 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 ia preferably positioned along 
a centeriine of the apparatus 1100. The fluid passage 1180 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 pennitsflnkHcmateriahtobe transmitted fr^ 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device^ to be placed in the fluid 
paaaages 1140 to thereby block further passage of fluidic materials In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105. This permita the mterior region 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1 140 jimnjmh^pftgt^^ "^ g th* periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 
10 such as cemen t, dr illing mud pr e poa aes tit flow rat es a nd pi essn res ran g in g faun 
about 0 to 3,000 gaDons/ininute and 0 to 9,000 psi in order to optimaHy fin the 
annular region between the tubular member 1110 and the tubular lin^ 
fluidic materials. In a preferred embodiment, the fluid passages 1140 xncmde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 11 15 includes a single 
inlet passage coupled to the fluid passages 1 140 that is adapted to receive a plug, 
20 or other similar device, to permit the ulterior region of the tubular m 
to be fluididy isolated from th^ 

The seals 1145 are coupled to and wnipoTtedby a tower end portion of the 
tubular member 1110. The seals 1145 are farther posWoned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlappingjoint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be Cuididy seeled. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epaxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seals molded from Btratalock epony av ailable 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydranlk seel m the overiappm^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodimen t, the seals 1145 are select ed to optimally provide 
a sufficient frictfonalforce to support the expanded tubular member 1110 from the 

5 tubular liner 1008. In a preferredembodiment, the frictioiial force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Min tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110! shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centraHxers (not 
illustrated) to help stabilise the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1160 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In tins manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
fox example, Lubriplate, chlorine baaed lubricants or Climax 1500 Antiseize (3100). 

20 In a preferred embwnmenk 

(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extension process. 

In a prefer red embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the jntgodnction of foreign material into the apparatus 1 100 Is minimised. 
This minmiixca the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel HQS during the extension process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 

30 packer 1155 coupled to the bottom section of the shoe 1115 for fhiidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fiuidk 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1166 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1156 comprises an EZ Drill Packer available from HaJKburto 
5 Dallas, TX In an alternative embodiment, a high gel strength pill may be set 
below the tie-bai± in place crfthe packer 1155. In another alternative embodiment, 
the packer 1165 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the weQbore 1100, a couple ofvfeflbore vohnnea are circulated in orde^ 
10 ensure that no foreign materials axe located within the weHboze 1000 that might 
clog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hnrrienable fluidic sealing material 1160 is then 
15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 
20 between the exterior of the tabular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1 160 to fill up at least a portion of the ^mil^T region. 

The material HflQ ™y h» pumped mtn aTm ^ | flT ,w> ginn a t pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
25 gallonaAain, respectively. In a preferred embodiment, th* 

into the annular region at pressures and flow rates specifically designed for the 
casing sizes being nm, the amwilftr spaces being AIM, the pumping equipment 
available, and the properties of the fluid being pumped. The optimum flow rates 

end pressures «™ prnfawnMy calculated "*™ff **ny*nfa*n*fi ftmpiflVfll fflftttH)dff. 

30 The hardenable fluidic sealing material 1160 may comprise any number 
conventional commenrialjy available hardenable fluidic sealing materials such as, 
for example, dag mix, cement or epoxy. In a preferred embodiment, the 
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hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 

member 111ft winrnfafrnTig optimum A*** gWarfarigBra SO SB to mftiimi«A 

5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the Mended cements are preferably determined using 
conventional 'Trr*****! wpfWc 

The annular region may be filled with the materiel 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 110, the 

10 ™milAT region will be filled with material 1 160. 

As illustrated in Fig. lOd, once the annular region has been adequately filled 
with material 1160, one or more plugs 1 166, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fiuidkly isolating the inteito 
region of the tubular member 1110 from the anirular region external to the tubular 

16 member 1110- happened embodimcnl,anctt 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize* In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardenable fluidic 

20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurised, the tnhnlar member 1110 is ertruded off of the erpsndsh le mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner The progs 1165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balla, prugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density robber 
balls. In an alternative embodiment, far a shoe 1105 having a common central 
inlet passage, the plugs U65 comprise a single latch down dart 

After placement of the phigs 1165 in the fluid passages 1140, the non 
5 har d enab le fhxidic material 1161 is preferably pumped into the interior region of 
the tubular member 1110 beta* the mandrel 1105 at pressures and flow rates 
ranging from approximator 500 to 9,000 psi and 40 to 8,000 galtonVmin. 
In apreferred embodiment, after placement of the pings 1165 in the fluid passages 
1140, the mm haidenaUe flnidic material 1161 is preferably pumped into the 
10 interior region of the tubular member U10 below the mandrel 1105 at pressures 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallonatoin in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psi. In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below th e 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the expandabk mandrel 1105 may be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example , from about 0 to 5 ft/sec Inapreferred embodiment, during the extrusion 
process, the expa ndable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ranging fi^ 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be cnmptated befbre the material U60ni^ 

Inapreferred embodiment 
1110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
80 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the wellbore casing 1012. Inapartteolariy preferred embodiment, the seal 
is effected by compressing the 
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the wellbare casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the p^u"^"* section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 600 to 10,000 pei in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal r e si s t ance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the 
diame ter of the mandrel 1105- In this manner, extrusion of the tubular member 

10 1110 by the mandrel 1105 results in contact between substan t ial ly all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 aiMl 1012 ranges from ^ut «» to 10,000 psi 
in order to optima^ provide pre^^ 

15 provide optimal resistance to ensured 
of tensile and compressive loads. 

In a preferred pry***™**, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1 110. In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minlmh i fd In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fiah^ 

of the extrusion process beginning when the mandrel 1105 baa completed 
25 approximately all but about 6 feet of the extrusion process. 

Alternatively, ox in combination, a shock absent is provided in the sup 
member 1150 in order to absorb the shock caused by the midden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1110 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member U10 and the upper portion of the tubular W t ht 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tabular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
e Tpa nd e d tnbnlar member lllOis then .removed in a conventional manner. The 
10 material 1160 within the annnlar region between the tubular mem 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Kg. 10t preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner usinga conventional drill string. The resultmgtie-back liner 
15 ofcasing 1170 includes the expanded tnlralar member 1110 ami an outer annu^ 
layer U76 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1155 is then preferably removed by 
drilling out the ahoe ins md pecker 1 1« wrf« g conv entional ^n^g methods 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 
the apparatus 900. 

Referring now to Figs. 1 la-1 If, an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casingwill now be described 
As illustrated in Kg. 11a, a weUbore 1200 is positioned in a subterranean 
25 fonnation 1205. The weDbore 1200 i^ 

a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the weBbore 1200 into the subterranean formation 1205 ? 
a drill string 1226 is used in a wall known mannrr to drill out material from the 
subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Fig. lib, an apparatus 1300 for fbrin^ 

in a subterranean formation is then positioned in the new section 1230 of the 
weUbore 100. The apparatus 1300 preferably includes an expandable mandre l or 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 

1360. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

embodimettti the «*pflTiHflh1g mandrel 1305 comprises a hydraulic iarp<infliflTi tool 

10 substantially as disclosed in US. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified m accordance with tte 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubularmember 1310 may range, for 

20 exampla, from approximately 0.75 to 47 inches and 1 .05 to 48 inches, respectively. 
In a prpffTTH embodiment, mt*r diameters of the tabular member 

1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to ftptnrf*^ r^n«M> teleaCOpfageffectinthc moat «imm*mly gpoauiiterBd 

wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 i n clude s an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embooUn^ 

1355 of the tubtdar member 1310rarigefromabout3/Btol Mmchesand3 Mto 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 
30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tabular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section I860 of the tubular member 1310 is less tK*n or equal to the 
5 wall thickness. of the upper and lower sections, 1365 and 1365, of the tubular 
member 1310 in order to optimal^ 

and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tabular member 1310 preferably comprises a solid member. In a 

10 preferred embodiment, the upper end portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or dow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimise the 
possibility of buckling. For typical tubular memhmr i si n materials, the length of 

16 the tubular member 1310 is preferably limited to between ebout 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for exampl e, 

20 Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down ptag modified m accordant 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide rire wfth * — «Hn C ctW~ ftrr « pfag available 

from Halliburton Energy Services in Dallas, TO, modified in accordance with the 

25 t eachings of thepra wnt discl o sure, in order to optimally guide the tubular member 
1310 into the wellbore 1200. optimally fluMfcfr Isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1815 upon 
the completion of the extrusion and ce m enting operation s. 

In a preferred embodiment, the aboe 1315 further inchides one or more side 

30 outlet ports in fluidic coimrniTrication with the fluid passage 1330. Inthismanner, 
the shoe 1315 preferably injects hardimAHlAflmiiw. aealmgmaterial into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 iiich nfeg the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
aeenteriineofthe apparatus 1300. The fluid passage 1320 is preferabfy selected 
to transport materialist 

pressures xangmgfrom about 0 to 3,000 gallcmaftninnte and 0 to 9,000 

to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 The fluid 

p a ssage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tabular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block farther passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the exp a ndable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1380 is 
preferably positioned substantially along the centerline of the apparatus 1300 . 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
regionbetween the tubular member 1310 andthenewsecticml230ofthfiwellbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In th is m a nner , the fhri d p assage 1380 can be sealed offbymtrodurirAgaplug, dm 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits flnidic materials to be transported to and 
6 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1385 is coupled to and positioned within the shoe 1315 in fluidic 
co mmunicatio n with the fluid passage 1330. The fluid passage 1335 is preferably 
pos i t io ne d substantially along the eenterlina of the apparatus 1300. The fluid 
passage 1385 is preferably selected to convey materia 1 s such as cement, drilling 

10 mud or epoxide at flow rates and pressures ranging from about 0 to 3,000 
gaDonaftninute and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 13 10 and the new section 1230 of the weUbore 1200 
with fluidic materials 

The seals 1340 are coupled to and supported by the upper eiid portion 1355 

15 of the tubular member 1310. Tht seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicry sealed. The 
seals 1340 may comprise any number of conventional commercialJy available seaLB 

20 sucb as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment the seals 
1340 comprise seals molded from Strataiock epoxy available from Halliburton 
Energy Services in Dallas, TXm 

annuhis of the cmarlapping joint while also creating optimal load bearing capability 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are seleoted to optirnally pro v^ 
a sufficient fHctioiialfe 

existing casing 1215. In a preferred embodiment, tte 

the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
SO support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an ™™^*r> member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centralirers (not illustrated) to help stabilize the tubular member 1310. 
6 inapreferred embodiment, tto 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner the mtroduction of forrtgn material into the apparatus 1300 is niinimized. 
This minimises the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 arid to ensure that no foreign mater^ 
10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 
15 example, Multiple Stage Cementer latch-down phigs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a pr e f erred embodimemt, before or after portioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Kg. lie, a hardenable flu idic sealing material 1380 is then 
pumped from a suifiu* location into the fhnd passage 1320. The material 1380 
then passes from the fluid passage 1320, through the Ihdd passage 1375 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 thenpassesfrom the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the armaratus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tabular member IS 10 and the interior wnHofthe new section 
1200. Continued pumniiig of the material^ 
at least a portion of the annular region 1890. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for (Trample, from about 0 to 5000 pai and 0 to 
1^500 gallona/mfn, leapectivery. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
alxratOtooOOOpriandO to 1^ gallon 
10 fill the aniiularregion between 

nf the wdihttm i gflo with i*«™im»aKu rtwfrtt* geeU ng th #— i* 1 1380. 

The hardenable floidic sealing material 1380 may comprise any nun^ 

oraventiflnal commgrtMlly avnibihlft hwrrWjihlA fhiMfc g^H^g Tna»^rj ? ] ff mf ** as, 
for example, slag nux, cement or epoxy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specffically for the wefl section bri 

Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined nmg conventional empirical methods. 

20 Hie annular region 1890 preferably is filled with the material 1380 in 
gnffl^Ant quantities to that, uptm radial ta p*""^ fifth* tabular member 
1310, the annular region 1390 of the new section 1230 of thewellbare 1200 will be 
filled with material 1380. 

As illustrated in fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1880, a wiper dart 1895, or other afangar device, iB introduced 
into the fluid passage 1320. The wiper dart 1895 is preferabryp 
fluid passage 1320 by anon hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred <wnhndhna^t r engagement of the 

30 wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple 
from the ma ndr el 1305. The wiper dart 1395 and wiperphig 1350 thenpreferabry 
will lodge in the fluid passage 1830, thereby bkHOritogfhiia 



passage 1330, and ftuididy isolating the interior region 1370 of the tubular 
member 1310 from the i ^nlur region 1390. In a preferred embodiment, the nan 
hardenahle ftuidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 

6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1805. During the extrusion process, the expandable mandrel 
1305 is raised oat of the expanded portion of the tubular member 1310 by the 
support member 1346. 

The wiper dart 1395 is preferably plated into the fluid passage 1320 by 

10 introducing the wiper 1895 into the fluid passage 1320 

in a conventional manner. The wiper dart 1395 may comprise any number of 
con^tionalcommexdsn^ 

for example, Multipk* Stage Crnimtm latch-down phifls. Omega latch-down phifes 
or three wiper latch-down plug/dart modified in accordance with the teachings of 

15 the present disclosure. In a preferred embodm^ 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch^down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 usingthe wiper phig 1330 

20 dart 1395, the non hardenahle ftuidic material 1381 may be pumped into the 
interior region 1370 at pressures and How rates ranging, for example, from 
approximately 0 to 6000 psi and 0 to 1,600 galbna/mm in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenahle ftuidic material within the interior of the tubular member 

25 lSlOismhihnized. 

a prrf m-rt ^Ww^t ***r Mocking the fluid passage 1330. the non 

hardenahle ftuidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flowratesraiujn^ 

40 to 3,000 gaUons/min in order to optimally provide operating pressures to 
30 Tn^tjjfa the expansion process at rates sufficient to permit adjustments to be 
made in ftp*Tf ti*»g parameters during the extrusion process. 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 600 to 9,000 psi. In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a fimction of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tabular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are pref erab ly 
determined using conventional yp^pflirf^^ fi ^^t ii ^^^ 

10 During the extension process, the expendable mandrel 1305 nuy be raiaed 
out of the expen d ed portion of the tabular member 1310 at rates ranging; for 
example, fixgnabogtOtogfl/see. i« » preferred »™**vKi™™* dnringthe egfanrion 
process, the expandable mandrel 1305 may be raised otri; ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 

16 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1356 of the tubular member 1310 is extruded 
off of the exp a ndab le mandrel 1305, the outer surfhce of the upper end portion 

20 1355 ofthe tubular member m 

lower end portion ofthe casing 1215 to ton an fhrid tight overlapping joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 

25 optimally provide contact pressure wiflkient to ensure angular aealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the aealing members 1340 will ensure an 
adequate flindic and gaseous seal in the overlapping joint 
In a preferred embodiment 

30 hardenahtefhildte material 1381ta 

mandrel 1305 readies the upper end portion 1355 of the tubular member 1310 . 
In this manner, the sudden release of preBBumean^farytheconvleta estnTO 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimized. 
In a preferred pT^Hnrfmnmt the operating pressure is reduced in a substantially 
linear fashion fonn 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, win combination 
member 1346 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in theupper end portion 18K 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1306 is 
removedftom the wellbore 1200. Inapieferred embodiment, either befo 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
16 overlappingjoint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 12 15 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
mwired porttonof the inaterial 
20 is then removed in a coirventioiial manner, m material 13M within the annular 
regbn 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may tb*m be removed by d 1316 using 

conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described^ 

in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radiafly expanded by extruding the liner off 



The injecting preferably indudea injecting a bardenable fiuidlc sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hazdenable fhridic material into an interior region of the 
tubular liner below the mandrel. The method preferably includes fluidicly 
5 isolating the nnmilnr region from the interior region before injecting the second 
quantity of the non hardsnable sealing material into the interior region. The 
injecting the hardenahle fluid* sealing material ia preferably provided at 
operatingpressurea and flow ratee ranging from about 0 to 6000 pa and 0 to 1^00 
gaDonaAnm. The injecting of the non bardenable fluidk material is preferably 

10 provided at operating preeaarea and fl^ 

and 40 to 3,000 gallon Vmfti Tha injecting of the ™™ haidanable fhridic mirtcrinl 
ia preferably provided at reduced operatingpreaaai« and flow rates during an^ 
portion of the extruding. The non hazdenable fluidk material ia preferably 
injected below the mandrel The method preferably includes preesuriring a region 

16 of the tubular Hnerbdow the maiKlre^ The region of the tubular liner below the 
xnandi^ is preferably preaaurixed to 

The method preferably indudea flnidiriy isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method farther preferably 
indudea curing the bardenable sealing material, and removing at least a portion 

20 of the cured seahngmaterial located withinthetubular liner. The method farther 
preferably inclndea overiamrfngthe tubolarlfaaer with an gristing w»nw» 
The method farther preferably inchides sealing the overlap between tte 
liner and the existing wellbore casing. The method farther preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 

26 casing. The method farther preferably h^ 

the overlap between the tubular Hnar and the existing wellbore casing. The 
method farther preferably inchid^ 

fh iiriicflftfllin gmaterial within the tubularlhwbefore curing. The method farther 
preferably indudea lubricating the surface of the mandrel The method farther 
30 preferably indudea absorbing shock. The method farther preferably indudea 
catching the mandrel upon ih* completion qf thf yyt ^^g 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that inchides a support member, a mandrel, a 
tabular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 

5 The tabular member is coupled to the mandrel The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably farther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferably inchdesc^ 

f dnp^rf t/» piwmt fowrfgn material from entering an interior region of the tubular 
member. The mandrel is preferably expendable. The tubular member is 
preferably fabricate 

Country Tubular Goods, 18 chromium steel tubingfcaaing, an d plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging fi^mabcmt 40,000 to 136,000 pat The tubular 
member preferably inchides one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port The shoe preferably is (billable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubtilar member having an inner diametergreaterthananc^ter diameter of 
the second tubular member, has been described that includes positi on in g a 
mandrel within an interior region of the second tubular member, portioning the 
first and second tubular members in an overlapping relationship, pressurizi n g a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provide 
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500 to 9,000 psi. The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
(hiring a latter portion of the extruding. The method ftorther preferably includes 
sealing the overlap between the first and second tubular members. The met hod 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferabry 
inclu d es lub ricating the surface of the mandreL The method fUrther preferably 
includes absorbing shock. 

Ahnerforuwincreatinganews 

10 formation adjacent to an fdre*dy existing section tf 

described that fnclndea an annular member. Theaimular member includes one or 
more sealing members at an end portion ofthe annular member, 
pressure relief passages at an end portion of the annular member. 

A weUbore casing has been described that incudes a tubular liner and an 

15 axmularbodyof a cur^fluidicaealiiig material The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferabry formed by the process of placing the tubular liner and mandrel within 
the weUbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material ia preferabry formed by the 

20 process of irAjecti^ 

region external of the tubular liner . Daring the pressurizing, the interior portion 
of the tubular liner is preferably fhnd^ 

tubular liner. The interior portion of the tubular Ener is preferabry pressurized 
to pressures ranging from about 500 to 9,000 psi. The tubular liner preferabry 
25 overlap with an eariating weUbore The weUbore casing intferabry further 

indudesaseelposittonedintheo^ 

weUbore casing. Tubular liner ia preferabry supported the overlap with the ' 
existing weUbore casing. 

A method of repairing an existing section of a weUbore casing within a 
SO borehole has hem d^erihftd thut frw»i™u« Miffta11ing« tubular liner and a mandrel 
within the weUbore casfmr rniprrmpr » hn«fr «f « ihyUK* »»»twlfl1 tntn the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



.65- 



expanding the liner in the borehole by extruding the liner off of the mandreL In 
p prefenr* ^lvvKi™** the flnttfr material is gelerted from the group consisting 
of da g mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method farther includes Ouididy isolating an interior region of the tubular liner 
5 from an exterior region of the tubular finer. In a p r efe rred emb o diment, the 
hqectangofthebodyoffl^ 

rates ranging from about 600 to 9,000 pa and 40 to 2,000 gallona/niin. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
reduced operatfagpreaaures and flwrnti^dnrinf an endiwrtion of the extruding. 
10 In a preferred embodiment, the fluidic material ii injected below the mandreL In 
a preferred embodiment, a regkm of the tubular Oner below the mandrel is 
pressurized. In a preferred embodiment, tte 

mandrel is pressurized to pressures rangiiig from about 600 to 9,000 pat In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tabular liner using the existing wellbore casing. In a preferred 
embodiment, the method 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method farther includes absorbing 
shock. In a preferred embodiment, the method farther includes catching the 
mandre l upon the completion of the extruding. In a preferred embodiment, the 

25 method further includes expandiiig the mandrel in a radial direction. 

A tie-back Kner for K*im g an existing weQbore casing has been described 
that includes a tubular Kner and an annular body of a cured ftuidk sealing 
material The tubular Kner is formed by the process 

off of a mandr el The imnnliir body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurising an interior portion of the tubular liner. In a preferred embodiment, 



duringthe pressurising, the interior portion of the tubular liner is fluidicfrr isolated 
from an exterior portion of the tubular User. In a pre ferre d emb odimen t, the 
interior portion of the tabular liner is pressurized at preaanre* ranging frr> m about 
500 to 9,000 psL In a preferred embodiment, the annular body rf a aii^fhiidic 
5 sealing material is formed 
sealing material into an ananlar regkm between the existing wellbore 
the tubular Ener. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing, fa a pn*ferrpH embodiment, h^wv ii^ 
further inchides a seal positioned in the ov^^ 
10 other existing weflbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other satiating weQboro caring: 

An apparatus far expanding a tubular member baa been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includ es a first fluid passage. The mandrel is coupled to the 
16 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, ami an exterior portion. The interior 
portion of the mandrel is drOlable. The tubular member is coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe Preferably, the 

interior portion of the mandrel tnrhides a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a unliable body. 
Preferably, the interior portion of the ahoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing inembercoinpi^adrillablebo4y. 
Preferably, the exterior portion of the mandrel comprises an expansion co ne. 
Preferably, the expansion cone is fabricated ftxmi material selected frra 
consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surfece hardness ranging from about 58 to 62 Rockwell C. Preferably at leasts 
portion of the apparatus is drillshle. 

Although illustrative embodiments of the invention haw been fth™™ 
desc ri bed, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claim* be construed broadly and 
in a manner <*mm f4 * w »* wf H th» scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formate on^ co m pnfl B tt gz 

3 installing a tubular liner and a mandrel in the borehole; 

4 iioectingfhiidkm 

5 pressurizing a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extending at least a portion of the liner off of the mandrel 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 
6 casing 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 
10 between the tubular liner and the new aaction of the borehole; 

U ftuidkjyiaolatingthe annular region between the tubular liner and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mand rel; 

17 sealing the overlap between the tubular hner and the already existing 

18 casing; 

19 supporting the tubular hner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



22 t"**"Z * ht * ^tj^rity of the seal of the overlap between the tubular liner and 

23 the already existing casing; 

24 removing at least a portion of the hardenabte fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured froidichardenableseal^ 

29 within the tubular liner. 

1 3. An apparatus for expanding a tubular manber, compriring : 

2 a support member, the support member induding a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel Including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubularly 

7 wherein the first, second and third fhud passages ere operablycouj^ 

1 4. An apparatus for ^w jmr%A\n^ « tubular member, comprising; 

2 a support member, the support member i n clu di n g: 

3 a first fluid passage; 

4 a second fluid passage ; and 

5 a flw control valve anipW 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel T«rhirimg a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing dements; 

11 a shoe coupled to the tubular member, the shoe including: 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member, and 

14 one or more exhaust passages coupled to the fourth fluid passage for 

15 injecting fluidic nmterial outside ofthe shoe; and 
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16 at least one sealing member coupled to the sup p ort member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 6. A method ofjoinmg a second 

2 first tubular member having an inner diameter greater than an 

3 the second tubular member, comprising! 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 presaurixinga portion of t^ 

7 and 

8 extruding the second tubular member off o 

9 with the first tubular member, 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including: 

S one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passagesatan end portion of the aiiiuuar 
8 member, 

1 7. A weHbore casing, comprising: 

2 a tubular liner, the tubular I mer formed by the process of: 

3 extruding the tubular Kner effofa mandrel; and 

4 an annular bexfy of a cured fhiidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing weflbore casing ; comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at leaat a portion of th 

4 an annular bod^r of a cured fhiidic sealing material coupled to the tubular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 ft mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drfllable; 

8 an expandable tubular member coupled to the ma n dr el; and 

9 a shoe coupled to the tabular member, the shoe for hidin g: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drfllable. 
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